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Abstract
The paper provides a list of 54 species of bryophytes (48 mosses and six liverworts) 
collected from Spitsbergen, the largest island of the Arctic Svalbard archipelago 
(Norwegian Arctic), in 2016. They were collected mainly from its southeastern 
coast (Sørkapp Land and Torell Land), which has been rapidly abandoned by 
glaciers in the last few decades and is heavily under-investigated bryologically. 
The most interesting and phytogeographically important findings are the mosses 
Bryum salinum, Campylium longicuspis, Coscinodon cribrosus, Orthogrimmia ses-
sitana, Pogonatum dentatum, Polytrichum juniperinum, Sanionia georgicouncinata, 
Schistidium frigidum, and S. pulchrum, and the liverwort Cephalozia bicuspidata. 
For each species, a short taxonomic and phytogeographical comment is provided, 
and the distribution of 12 rare or otherwise phytogeographically interesting species 
in Svalbard is shown on maps.
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Introduction
While the areas of the western and northern parts of Spitsbergen, the largest island of the 
Arctic Svalbard archipelago (Norway), have been repeatedly used as a place of research 
on bryophytes, its southeastern coast is still very poorly studied bryologically. So far, no 
bryological data are available from Torell Land, and the only contribution regarding the 
bryophyte flora of Sørkapp Land was published by Kuc [1]. The study was based on a 
collection made by Professor K. Birkenmajer in 1962 during a geological survey of the 
northeastern part of the area. In total, five species of liverwort and 26 species of moss 
have hitherto been recorded from northeastern Sørkapp Land. The area covered by the 
present study has not been previously investigated botanically, apart from preliminary 
observations made in 2005 [2]. Studies of Svalbard bryophytes have a long history, dating 
back to the end of the seventeenth century [3]. The first chronological compilation of 
the moss flora was presented by Kuc [4] who recognized 265 species of moss from this 
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archipelago. In the most recent survey of bryophytes of Svalbard, Frisvoll and Elvebakk 
[3] recorded 85 species of liverwort and 288 species of moss in this area. Over the 
following 2 decades, studies on the bryoflora continued [5–24], providing much new 
distributional data for these plants in this Arctic archipelago. As the area of Svalbard 
is subjected to deglaciation in many places, new discoveries of species and changes in 
the frequency of species that are already known to exist there are to be expected.
The main objectives of the present study are: (i) complementing the knowledge 
on the diversity of the bryophyte flora of Spitsbergen; (ii) providing information on 
bryophytes occurring in areas that, until recently, were covered with ice.
Material and methods
Study area
Plant material was collected from research sites located in three separate areas in 
Spitsbergen. Most collections were made in Sørkapp Land and Torell Land on the 
southeastern coast of the island, which has undergone intensive deglaciation during 
the past century. The area of our exploration covers 156 km2 and samples of bryophytes 
were taken from 24 sites located mainly near the coastline. The remaining four sites are 
located in the Endalen and Bjørndalen valleys, near Longyearbyen in Nordenskiöld 
Land in central-western Spitsbergen, an area that was only slightly glaciated during 
the Holocene (Fig. 1, Fig. 2, Tab. 1).
All collecting sites in the main three regions (Sørkapp Land, Torell Land, and 
Nordenskiöld Land) have the same tectonics and lithostratigraphy corresponding 
to the pre-Quaternary bedrock as well as consequential similar terrain relief of table 
mountains with extensive surface peneplanation. It is significant for plant development 
that soils in the majority of the investigated sites are derived from outcrops of the same 
pre-Quaternary sediments. The bedrock consists of overlapping layers of sandstones, 
mudstones, and siltstones which belong to the following four geological formations: 
the Upper-Cretaceous Carolinefjellet formation, which constitutes the foot and lower 
parts of mountain slopes, and three Tertiary formations, namely the Firkanten, Basilica, 
and Sarkofagen formations. Their chemical composition determines the occurrence of 
mainly acidic siliceous bedrocks with minor occurrence of carbonate rocks [25–30]. 
The rocks of these formations are not resistant, weathering easily into material with a 
full grain-size differentiation, ranging from clay to block fractions.
However, the study areas differ significantly in their climate features. The vicinity 
of Longyearbyen is one of the warmest areas on Spitsbergen due to its location on the 
inner part of Isfjorden, warmed by the West Spitsbergen Current, a warm and salty 
current that runs poleward just west of Spitsbergen [31]. Near sea level in Longyear-
byen, during the period 1981–2010, the mean annual temperature was −5.2°C and 
the mean total annual precipitation was 191 mm [32], conditions which persist to the 
present. The southeastern Spitsbergen coast is much cooler under the influence of the 
cold East Spitsbergen Current flowing from the north [30]. Environmental features 
and rare seasonal meteorological observations provide evidence of this [33–35]. This 
climate differentiation occurred in Spitsbergen during all of the Holocene [32].
The warmer climate resulted in relatively little glaciation and abundant Arctic tundra 
in the Longyearbyen vicinity. Even in the Little Ice Age, i.e., until the beginning of 
the twentieth century, the majority of the area was free of glacial ice. Nowadays, the 
glaciers occupy no more than 18% of the area [36,37]. On the eastern side, a much 
cooler climate has resulted in glaciation and very scant vegetation on the southeastern 
Spitsbergen coast. This area was mostly covered by glaciers in 1900, as shown on the 
map by Wassiliew [38]. Plants grew only in small oases there [39]. The transformation 
of the natural environment by the recession of glaciers has persisted in both areas 
since the beginning of the twentieth century due to global climate warming, but the 
changes have been much greater in the southeastern Spitsbergen coastal region than 
in the central west of the island. Glaciers covered 83% (129 km2) of all the areas of 
southeastern Spitsbergen in 1900, while in 1991 covered 63% (below 100 km2), and in 
2016 only covered 47% (73 km2) of the area [38,40–43] (Tab. 2).
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A completely new landscape (with new deposits and landforms as well as new water 
bodies, etc.) was formed in extensive areas abandoned by glaciers, and a vegetation 
cover has appeared due to rapid plant succession during the last few decades [2].
Field surveys
Field surveys were conducted in July and August 2016. The material was collected from 
28 research sites (Fig. 1, Fig. 2, Tab. 1) in three separate areas of Spitsbergen: on the 
northeastern Sørkapp Land (23 sites), on the southeastern Torell Land (one site), and 
near Longyearbyen (Nordenskiöld Land) in the Endalen and Bjørndalen valleys (four 
sites). A full set of 191 voucher specimens is preserved in the bryophyte herbarium of 
the W. Szafer Institute of Botany, Polish Academy of Sciences in Cracow (KRAM).
Fig. 1 The map of the study area showing collection sites.
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Fig. 2 Overview of the selected research sites: (A) site No. 1; (B) site No. 11; (C) site No. 14; (D) site No. 15; (E) 
site No. 17; (F) site No. 22; (G) site No. 23; (H) site No. 24; (I) site No. 25; (J) site No. 28.
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For each species, all sites are listed by numbers that 
correspond to the map in Fig. 1. They are listed sepa-
rately for each land including Nordenskiöld Land (N), 
Torell Land (T), and Sørkapp Land (S). These data are 
followed by evaluation of local frequency according to 
the scale: very rare (one–two records), rare (three–four), 
frequent (five–seven), and common (eight or more 
records), while the frequency and abundance of species 
in Spitsbergen is adopted from the treatment of Frisvoll 
and Elvebakk [3]. Finally, information on substrate 
and habitats, enumeration of accompanying species, 
a comment on the local distribution in Svalbard and, 
occasionally, some taxonomic notes are provided. The 
distribution of 12 rare or otherwise phytogeographi-
cally interesting moss species in Svalbard is mapped (Fig. 3–Fig. 5). Literature data are 
marked with black circles dots, whereas new stations are marked with triangles.
Results – list of species
The present paper provides information on 54 species of bryophytes from the south-
eastern part of Spitsbergen. Of these, 10 species have been recorded from Torell Land, 
35 species from Sørkapp Land, and 36 species from Nordenskiöld Land. All data from 
Torell Land and Sørkapp Land are new for the eastern parts of these areas. The most 
interesting findings are the mosses Bryum salinum, Campylium longicuspis, Coscinodon 
cribrosus, Orthogrimmia sessitana, Polytrichum juniperinum, Sanionia georgicouncinata, 
Schistidium frigidum, and S. pulchrum, and the liverwort Cephalozia bicuspidata.
Species of liverworts and mosses are arranged alphabetically in the following 
compilation. For each species, all stations are listed by numbers which correspond 
to their locality on the map (Fig. 1). They are listed separately for each land includ-
ing Nordenskiöld Land (N), Torrell Land (T), and Sørkapp Land (S). These data are 
followed by an evaluation of the frequency and abundance, habitats, enumeration of 
accompanying species, and comments on local and global distributions. Occasionally, 
some taxonomic notes are provided.
Liverworts Marchantiophyta
1. Blepharostoma trichophyllum (L.) Dumort. subsp. brevirete (Bryhn & Kaal.) R. M. 
Schust. – stat.: N – 27
Sparse, found forming a small tuft with Lophozia ventricosa, Sphenolobus minutus var. 
grandis, and Trilophozia quinquedentata var. turgida. It is one of the most widespread 
liverworts in Svalbard but is presented here as an Arctic subspecies only [44,45]. The 
subspecies trichophyllum has been reported from some sites in western Spitsbergen 
[46–49], but the relevant voucher specimens need re-assessment.
2. Cephalozia bicuspidata (L.) Dumort. – stat.: N – 27
Very rare, found in a large pure tuft. The midleaf cells of the plants are 25–30 µm wide 
and 30–37(–50) µm long and the dorsal stem cells are 37–45 µm wide, fitting well in 
Cephalozia bicuspidata. They differ from the closely related C. ambigua C. Mass., which 
is often considered a subspecies or variety of C. bicuspidata, in its larger cells, stem, 
and leaf cells. In C. ambigua, midleaf cells are ca. (18–)20–24 × (22–)28–35 µm [50]. 
According to Frisvoll and Elvebakk [3], C. bicuspidata is rare in Svalbard, specifically 
stressing that “the presence on Svalbard of C. bicuspidata is perhaps not yet absolutely 
certain because of the identification problems”. These two species, C. bicuspidata and 
C. ambigua, appear to be widespread in the appropriate sites of Svalbard.
Tab. 2 Changes in glaciation in the main research area in the 
period of 1900–2016.
Year
Glaciated area (156 km2 = 100%)
km2 %
1900 129 83
1936 114 73
1991 99 63
2005 79 51
2016 73 47
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Fig. 3 Geographical distribution of Andreaea blyttii (A), Bryum cryophilum (B), Campylium longicuspis (C), and 
Coscinodon cribrosus (D) in the Svalbard archipelago. Literature data are marked with black circles, while new records 
are marked with black triangles. Occurrence on Chermsideøya and/or Parryøya north of Nordaustlandet beyond the 
map is indicated by the arrow.
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Fig. 4 Geographical distribution of Hygrohypnella polaris (A), Hypnum bambergeri (B), H. callichroum (C), and Kiaeria 
blyttii (D) in the Svalbard archipelago. Literature data are marked with black circles, while new records are marked with 
black triangles. Occurrence on Chermsideøya and/or Parryøya north of Nordaustlandet beyond the map is indicated 
by the arrow.
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Fig. 5 Geographical distribution of Kiaeria glacialis (A), Orthogrimmia sessitana (B), Pohlia wahlenbergii (C), and 
Sanionia georgicouncinata (D) in the Svalbard archipelago. Literature data are marked with black circles, while new 
records are marked with black triangles. Occurrence on Chermsideøya and/or Parryøya north of Nordaustlandet beyond 
the map is indicated by the arrow.
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3. Lophozia ventricosa (Dicks.) Dumort. s. l. – stat.: N – 27
The scanty material, collected only from a single site and with disintegrated oil bod-
ies, precludes a more accurate determination of the material. Most leaf lobes end in 
(1–)2–4 superposed cells, the perichaetial leaves have single teeth and the perianth 
mouth is armed with multicellular (up to five superposed cells) teeth. These features 
were reported as diagnostic for Lophozia subapiculata R. M. Schust. & Damsh., but 
the studied specimen differs in the darker vinaceous pigmentation of the stem and 
leaf base, as well as having more deeply bilobed leaves (up to 0.3–0.4) and clearly col-
lenchymatous leaf cells with distinctly convex lateral wall trigones that contradict the 
description of L. subapiculata [51]. Plants of similar appearance have been collected by 
N. Konstantinova (unpublished data) in Collesbukta and on the left bank of Bogebek-
ken in Spitsbergen. The latter plants were referred to L. silvicoloides N. Kitag. [8] based 
on the long teeth of the perianth and biconcentric oil bodies. Lophozia ventricosa has 
been reported from Svalbard [3] but Lophozia s. str. needs to be revised in this Arctic 
archipelago following an updated taxonomy of this group.
4. Scapania obcordata (Berggr.) S. W. Arnell – stat.: S – 19
Only several shoots, without gemmae, but having weakly keeled and relatively large 
trigones, which are more or less typical for this species, were found mixed with other 
bryophytes. This species was originally described from material collected in Svalbard [52] 
and is widely distributed but scattered in the high Arctic. Additionally, it is known from 
the bipolar stations in the northern maritime Antarctic and on subantarctic South Georgia 
[53–55]. The species is widespread in Svalbard [3,10] (also unpublished data).
5. Sphenolobus minutus (Schreb. ex D. Crantz) Berggr. var. grandis (Gottsche ex Lindb.) 
R. M. Schust. – stat.: N – 27
A single specimen was found in a tuft with Blepharostoma trichophyllum subsp. brevirete 
and Trilophozia quinquedentata var. turgida. The cup-shaped leaves with marginal 
cells 18–20 µm wide are characteristic of this species, one of the most frequent and 
widespread liverworts species in Svalbard [3].
6. Trilophozia quinquedentata (Huds.) Bakalin var. turgida (Lindb.) Konstant. – stat.: 
N – 27
Found growing sparingly in a tuft together with Blepharostoma trichophyllum subsp. 
brevirete and Sphenolobus minutus var. grandis. This variety is characterized by its 
median leaf marginal cells 18–20(–22) µm, large bulging trigones, and cuspidate leaf 
lobes [8,9]. Trilophozia quinquedentata is one of the most widespread and very variable 
species in Svalbard, being represented by several varieties.
Mosses Bryophyta
1. Amblystegium serpens (Hedw.) Schimp. – stat.: S – 8
A very rare species growing sparsely on soil. The species is widely distributed but scat-
tered throughout the archipelago [3] but it is recorded for the first time from Sørkapp 
Land.
2. Andreaea blyttii Schimp. – stat.: S – 22
Occurs infrequently on dry rock-debris in the foreground of a glacier, from where it was 
collected growing in association with Hymenoloma crispulum and Schistidium pulchrum. 
The species is rare and widely scattered in Hornsund [56] in the southern and also in 
several stations in northwestern parts of Spitsbergen and on Nordaustlandet [3,4,17], 
but it is recorded for the first time on the eastern coast of Spitsbergen (Fig. 3A). The 
species occurs on noncalcareous boulders, especially on sheltered overhung surfaces, 
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sometimes even on gentle rock outcrops or on fine earth between stones and boulders. 
Found as pure cushions or, rarely, mixed with Kiaeria glacialis.
3. Aulacomnium turgidum (Wahlenb.) Schwägr. – stat.: N – 25, 26, 27, 28; S – 23, 24
A frequent species on moraines, rocky slopes, and mossy tundra on flat terrain, usu-
ally occurring abundantly in large pure stands or in turves mixed with other mosses, 
including Dicranum elongatum, D. laevidens, D. spadiceum, Hylocomium splendens, 
Niphotrichum canescens var. latifolium, Racomitrium lanuginosum, Sanionia uncinata, 
and Tomentypnum nitens. It is one of the most common species of moss in the Svalbard 
archipelago [3,4,17], which was previously reported also from Sørkapp Land [1].
4. Bartramia ithyphylla Brid. – stat.: N – 26
A very rare species which occurs on soil on young moraine debris in tufts dominated 
by Hypnum bambergeri, Niphotrichum canescens subsp. latifolium, Oncophorus virens, 
Pohlia cruda, Racomitrium lanuginosum, and Timmia bavarica. It is otherwise a fairly 
frequent moss species occurring throughout most of Spitsbergen in a wide range of 
habitats, especially on stony ground and in rock fissures [3].
5. Brachythecium turgidum (Hartm.) Kindb. – stat.: T – 1
A very rare species found growing sparsely in a tuft of mosses in mossy tundra, as-
sociated with Bryum pseudotriquetrum, B. pallescens, Niphotrichum canescens subsp. 
latifolium, Pohlia nutans, Polytrichastrum alpinum, Racomitrium lanuginosum, Sanionia 
uncinata, Syntrichia ruralis, and Tomentypnum nitens. A common species, widespread 
throughout the Svalbard archipelago [3,4].
6. Bryum cryophilum Mårt. – stat.: S – 5
A very rare species growing sparsely in the moss-lichen tundra associated with Bryum 
pseudotriquetrum, B. salinum, and Sanionia uncinata. This handsome species is wide-
spread and common throughout Spitsbergen [3,4] but it has not hitherto been recorded 
from Sørkapp Land (Fig. 3B).
7. Bryum pallescens Schwägr. – stat.: N – 25; T – 1; S – 4, 6, 13, 14, 15
A frequent and locally abundant species growing on soil in the moss-lichen tundra 
and on young moraines, together with Dicranum elongatum, D. spadiceum, Distichium 
capillaceum, Niphotrichum canescens subsp. latifolium, Pogonatum urnigerum, Pohlia 
nutans, and Sanionia uncinata. It is widespread and frequent throughout Spitsbergen 
[3] but it has not hitherto been recorded from Sørkapp Land.
8. Bryum pseudotriquetrum (Hedw.) P. Gaertn. B. Mey. & Scherb. – stat.: T – 1; S – 4, 
5, 12
A rare species but growing usually in abundance in the moss-lichen tundra, usually 
together with Pohlia wahlenbergii, Sanionia uncinata, and Tomentypnum nitens. It is 
apparently one of the most common species of the genus Bryum Hedw. in Spitsbergen 
[3], but it has not hitherto been recorded from Sørkapp Land.
9. Bryum salinum I. Hagen ex Limpr. – stat.: S – 5
A very rare species growing on soil in the moss-lichen tundra below a large bird colony, 
found in association with Bryum pseudotriquetrum, B. cryophilum, and Sanionia uncinata. 
The plants are in a fine fruiting condition. Hitherto, the species has been collected only 
once from Kongsfjorden [44], although Bryum spitsbergense Arnell from Storfjorden on 
the east side of Spitsbergen [57] is possibly conspecific with B. salinum [3]. The species 
was recently reported from Edgeøya [21].
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10. Calliergon richardsonii (Mitt.) Kindb. – stat.: N – 28
Some shoots of this distinct species were found in a patch of Aulacomnium turgidum 
collected on a steep rocky slope. Calliergon richardsonii occurs commonly in suitable 
habitats throughout the Svalbard archipelago, but it has sometimes been confused with 
other species of the genus, including C. giganteum (Schimp.) Kindb. and C. cordifolium 
(Hedw.) Kindb. [3].
11. Campylium longicuspis (Lindb. & Arnell) Hedenäs – stat.: N – 25
Scant material of this species was extracted from a patch of Aulacomnium turgidum 
collected on an old moraine where it grew in association with Polytrichum strictum, 
Sanionia uncinata, Sphagnum squarrosum, and Tomentypnum nitens. This Arctic spe-
cies is exceedingly rare and, so far, it has been collected only once on Spitsbergen in 
the northwest of the island [3] (Fig. 3C).
12. Ceratodon purpureus (Hedw.) Brid. – stat.: S – 3, 7, 11, 21
A rare, but possibly under-collected, species in the study area. It is an epigean moss 
growing on soil on moraines and on stony ground together with Pogonatum capillare, 
P. urnigerum, Pohlia nutans, P. wahlenbergii, Polytrichum juniperinum, and Syntrichia 
ruralis. The species is scattered or locally common throughout the whole archipelago 
[3] and it has previously been recorded from Sørkapp Land [1].
13. Coscinodon cribrosus (Hedw.) Spruce – stat.: S – 21
A very rare species found growing sparsely on stony ground in association with 
Orthogrimmia sessitana. So far, Coscinodon cribrosus has been recorded only at three 
sites on Spitsbergen, namely from Adeventendalen in the Hornsund region and from 
Kolfjellet and Hillestadfjellet in Van Mijenfjorden [3,14] (Fig. 3D).
14. Dicranum elongatum Schwägr. – stat.: N – 25, 26; S – 24
A rare species, but occurring in abundance at all sites, grows in very compact tufts with 
a red-brown tomentum of rhizoids. Found on moraines in association with Dicranum 
spadiceum, Hylocomium splendens, Niphotrichum canescens subsp. latifolium, Racomitrium 
lanuginosum, and Sanionia uncinata. It is a frequent species in the Svalbard archipelago 
[3], but hitherto has not been recorded from Sørkapp Land.
15. Dicranum laevidens R. S. Williams – stat.: N – 27; S – 24
A very rare but fairly abundant species, occurring on moraines in association with 
Hypnum callichroum, Aulacomnium turgidum, Hylocomium splendens, Kiaeria gla-
cialis, Polytrichum strictum, and Sanionia uncinata. Its distribution in the Svalbard 
archipelago is not accurately known because the species has not been distinguished 
from D. angustum Lindb. Apparently, it is the most common species of the D. angustum 
complex, widespread over most of Spitsbergen and recorded also from Bjørnøya [3] 
and, recently, from Edgeøya [21].
16. Dicranum spadiceum J.E.Zetterst. – stat.: N – 25, 26
A very rare but abundant species, thriving on stony ground on moraines together 
with Dicranum elongatum, Hylocomium splendens, Polytrichum strictum, Racomitrium 
lanuginosum, and Sanionia uncinata. It is widely distributed throughout Spitsbergen 
[3] and, recently, also recorded from Edgeøya [21].
17. Distichium capillaceum (Hedw.) Bruch & Schimp. – stat.: N – 25
A very rare species collected from an old moraine in association with Bartramia 
ithyphylla, Hypnum bambergeri, Niphotrichum canescens subsp. latifolium, Oncophorus 
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virens, Pohlia cruda, and Racomitrium lanuginosum. A common species throughout the 
Svalbard archipelago [3], has previously been recorded from Sørkapp Land [1].
18. Drepanocladus aduncus (Hedw.) Warnst. – stat.: S – 8, 18
A very rare species, found growing abundantly on soil (with Pohlia wahlenbergii) on a 
moraine and on rocks. It is a very variable taxon and Żarnowiec [58] recognized two 
distinct species in this complex, D. aduncus s. str. and D. polycarpos (Voit) Warnst., 
which differ primarily from each other in the leaf areolation. The former species was 
not recorded from Spitsbergen by Żarnowiec [58], but apparently only some selected 
specimens have been studied from this Arctic island. Hence, the large material of this 
genus from Spitsbergen needs a careful taxonomic assessment to resolve the problem 
of the status of the local plants.
19. Drepanocladus polycarpos (Voit) Warnst. – stat.: S – 3, 21
Only two quite abundant collections of this species are available from the study area, 
both originating from the mossy tundra. This species is apparently widespread in the 
Svalbard archipelago and all collections examined by Żarnowiec [58], in his monographic 
studies of this complex, were referred to this species, which is primarily characterized 
by relatively short laminal cells, to 50 μm. This species was recently reported from the 
Grønfjord area [13].
20. Hylocomium splendens (Hedw.) Schimp. – stat.: N – 25, 26, 27
A rare species in dry or humid sites on soil and stony ground on moraines, growing 
usually in abundance in moss stands, mainly with Aulacomnium turgidum, Dicranum 
elongatum, D. laevidens, D. spadiceum, Niphotrichum canescens subsp. latifolium, and 
Sanionia uncinata as associates. It is one of the most common species of moss in the 
Svalbard archipelago, forming various habitat modifications [3,4].
21. Hygrohypnella polaris (Lindb.) Ignatov & Ignatova – stat.: N – 27
A very rare species collected only once on a young moraine where it occurred as a 
small monospecific patch. The species is widespread in the north of the archipelago on 
Spitsbergen and Nordauslandet and in the southern part of Spitsbergen it is common 
in the Hornsund area [56]. The species was recorded on Barentsøya [2] and recently in 
Austre-Grønfjordbreen glacier (Grønfjorden) [20], Tordalen [24], Bertilbreen glacier 
surface in the environs of Pyramiden (Billefjorden) [23] and Edgeøya [21] (Fig. 4A).
22. Hymenoloma crispulum (Hedw.) Ochyra – stat.: N – 26; S – 9, 18, 22
A fairly rare moss but locally growing in abundance on soil, rocky ground, and rock-
debris in dry and humid sites on moraines, snow beds, and often on newly deglaciated 
ground. In the study area, it was found in association with Andreaea blyttii, Niphot-
richum canescens subsp. latifolium, and Schistidium pulchrum. Hymenoloma crispula 
usually produces sporophytes in great profusion. It is a frequent species throughout 
the archipelago [3,4] but it has not hitherto been recorded from Sørkapp Land.
23. Hypnum bambergeri Schimp. – stat.: N – 26
A few shoots of this very rare species were found as an admixture in a tuft of several 
species of moss, including Bartramia ithyphylla, Distichium capillaceum, Niphotrichum 
canescens subsp. latifolium, Pohlia cruda, Racomitrium lanuginosum, and Timmia ba-
varica collected on a young moraine. Generally, it is a frequent and widely distributed 
species in the Svalbard archipelago, although it does not seem to have been collected in 
the central and southern parts of the eastern coast of Spitsbergen [3,4] (Fig. 4B).
24. Hypnum callichroum Brid. – stat.: N – 27
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A very rare species, found as a small admixture in a tuft of Aulacomnium turgidum 
along with Dicranum laevidens, Hylocomium splendens, Kiaeria glacialis, Polytrichum 
strictum, and Sanionia uncinata. It is a relatively rare species on Spitsbergen, widely 
distributed but scattered in the western part of the island and so far it has not been 
recorded from the island’s eastern coast [3,4]. It was recently reported from Linnévatnet 
lake in Nordenskiöld Land [15] and Edgeøya [21] (Fig. 4C).
25. Kiaeria blyttii (Bruch & Schimp.) Broth. – stat.: S – 19
One large pure tuft was found on a moraine with rocky blocks. The species is widely 
distributed but scattered on Spitsbergen and Nordauslandet. According to Kuc [4], all 
known records of the species are from western Spitsbergen and from the eastern coast 
the species has not previously been recorded (Fig. 4D).
26. Kiaeria glacialis (Berggr.) I. Hagen. – stat.: N – 27
The species was collected only once but growing in abundance on a young rocky moraine 
in a large tuft of Aulacomnium turgidum in association with Dicranum laevidens, Hylo-
comium splendens, Hypnum callichroum, Polytrichum strictum, and Sanionia uncinata. 
The species is widely distributed on Spitsbergen, especially in its western part, but from 
the eastern coast it has not been hitherto recorded [4]. Recently, it was recorded from 
Prins Oscars Land (Nordaustlandet) [17] and Edgeøya [21] (Fig. 5A).
27. Leptobryum pyriforme (Hedw.) Wilson – stat.: S – 4
An infrequent species growing on bare soil on moraines, usually with Bryum pallescens, 
Pohlia wahlenbergii, and Pogonatum urnigerum. It is widely distributed and locally com-
mon, though scattered throughout the island, often on disturbed, anthropogenic habitats 
and bird perches [3] but it has not hitherto been recorded from Sørkapp Land.
28. Niphotrichum canescens (Hedw.) Bednarek-Ochyra & Ochyra subsp. latifolium (C. 
E. O. Jensen) Bednarek-Ochyra & Ochyra – stat.: N – 25, 26, 27; T – 1; S – 19, 24
The traditionally conceived Niphotrichum canescens proved to be a collective species and 
a thorough taxonomic study of this complex [59] [as Racomitrium canescens (Hedw.) 
Brid.)] revealed that it actually consists of eight species, three of which are known to 
occur in Svalbard [60]. Of these, N. canescens is the most widespread species of this 
group in this arctic archipelago and it is here represented exclusively by subsp. latifolium 
which is a northern variant of this species. In contrast, the type subspecies is a temperate 
taxon occurring primarily in the southern part of the Holarctic [59]. The taxonomic 
status of these two subspecies needs careful study because morphological differences 
in the shape of leaves and hair-points, which are considered to be the most important 
diagnostic characters, do not seem to be always evident and sharp. As a result, some 
plants cannot be easily assigned to subspecies. Putting aside the taxonomic problems 
associated with the infraspecific classification, N. canescens is a rather frequent spe-
cies in the study area, growing usually in abundance in various communities of the 
mossy tundra and on ground on moraines, usually in association with such species as 
Pogonatum urnigerum, Pohlia nutans, Polytrichastrum alpinum, Polytrichum piliferum, 
Racomitrium lanuginosum, Sanionia uncinata, and Syntrichia ruralis. This distinct and 
unmistakable taxon is common and widespread over the whole Svalbard archipelago 
[60], including Sørkapp Land [1].
29. Oncophorus virens (Hedw.) Brid. – stat.: N – 25, 26
A very rare species growing sparsely on soil on moraines as an admixture in tufts of 
such species as Bartramia ithyphylla, Distichium capillaceum, Hypnum bambergeri, 
Niphotrichum canescens subsp. latifolium, Pohlia cruda, and Racomitrium lanuginosum. 
It is a ubiquitous species widespread and usually common throughout Spitsbergen [3] 
which has already been recorded from Sørkapp Land [1].
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30. Orthogrimmia sessitana (De Not.) Ochyra & Żarnowiec – stat.: S – 21, 24
A very rare rupestral species found growing quite abundantly and with sporophytes 
on a stony slope and on an old moraine together with Coscinodon cribrosus and Schis-
tidium papillosum. Hitherto, only two localities of this species have been known from 
Spitsbergen, from Bjørndalen and Longyearbyen [3] (Fig. 5B).
31. Pogonatum dentatum (Brid.) Brid. – stat.: S – 20, 21
A very rare and scarce species in the study area growing on bare soil on moraines with 
Pohlia nutans, Ceratodon purpureus, Pogonatum urnigerum, Polytrichum juniperinum, 
and Sanionia uncinata. It was reported for the first time in Spitsbergen from Hornsund 
[56] and later collected at some widely scattered sites in western Spitsbergen [3], includ-
ing the Grønfjord area [13] and Nordaustlandet, Prince Oscar Land [17], and herein it 
is recorded for the first time from the eastern part of the island.
32. Pogonatum urnigerum (Hedw.) P. Beauv. – stat.: N – 27; S – 4, 7, 11, 12, 15, 17, 
19, 21, 24
A common and locally abundant species growing in a wide range of habitats, pre-
dominantly on soil on moraines, rocky ground, scree slopes, and in the bryophyte and 
lichen tundra. Its most frequent associates are Bryum pallescens, Ceratodon purpureus, 
Nipohotrichum canescens subsp. canescens and subsp. latifolium, Pohlia nutans, and 
Sanionia uncinata. It is widespread throughout Spitsbergen, especially in its western 
part, but very seldom collected in the eastern coast [1,3,4].
33. Pohlia cruda (Hedw.) Lindb. – stat.: N – 25, 26, 27
A rare species growing sparsely on soil as an admixture in patches of bryophytes along 
with Bartramia ithyphylla, Distichium capillaceum, Hypnum bambergeri, Niphotrichum 
canescens subsp. latifolium, Polytrichum piliferum, Racomitrium lanuginosum, and Tim-
mia bavarica. It is widespread throughout the whole Svalbard archipelago [3,4].
34. Pohlia nutans (Hedw.) Lindb. – stat.: T – 1; S – 12, 17, 20, 21, 24
A frequent and fairly abundant species growing on soil in the mossy and lichen tundra, 
on scree slopes and old moraines in dry and humid sites, often accompanied by Bryum 
pseudotriquetrum, B. pallescens, Niphotrichum canescens subsp. latifolium, Pogonatum 
capillare, P. dentatum, Polytrichastrum alpinum, Racomitrium lanuginosum, and Sanionia 
uncinata. It is very common throughout Spitsbergen [3,4] but herein it is recorded for 
the first time from Sørkapp Land.
35. Pohlia wahlenbergii (F. Weber & D. Mohr) A. L. Andrews – stat.: N – 27, 28; S – 2, 
3, 4, 6, 8, 10, 12, 13, 14, 16, 20, 21, 22
A common and abundant species. Its juvenile plants have commonly been collected from 
humid bare soil on moraines, together with Bryum pseudotriquetrum and Ceratodon 
purpureus, as a primary colonizer of newly exposed ground. The species is considered 
to be very rare in Spitsbergen [3] but it has already been recorded from Sørkapp Land 
[1]. Recently, it was reported from the Grønfjord area [13], Van Mijenfjord area [14], 
Pyramiden and Mimerbukta near Pyramiden [24], and Prince Oscar Land on Nor-
daustlandet [17]. According to some authors, for example Kuc [4], this species may 
be more frequent than suggested by its published records and its occurrence in great 
quantity in the study area seems to confirm this assumption (Fig. 5C).
36. Polytrichastrum alpinum (Hedw.) G. L. Sm. – stat.: T – 1; S – 14, 18, 22, 24
A fairly frequent species usually growing in abundance in various types of tundra, on 
stony ground and rock-debris, usually in association with Bryum pallecsens, Niphotrichum 
canescens subsp. latifolium, Pohlia nutans, Racomitrium lanuginosum, and Sanionia 
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uncinata. It is a very common and very variable moss, occurring throughout the whole 
archipelago [3,4], although it has not hitherto been recorded from Sørkapp Land.
37. Polytrichum juniperinum Hedw. – stat.: S – 21
A very rare species collected on a rocky slope where it was growing sparsely on small 
patches of soil between boulders in association with Ceratodon purpureus, Pogonatum 
urnigerum, and Pohlia nutans. Although the species was reported many times from 
Spitsbergen, its true distribution and frequency are unknown because it has often 
been confused with other species of the genus, especially P. strictum. It has recently 
been recorded from the Grønfjord area [13], Prins Oscars Land (Nordaustlandet) [17], 
Edgeøya and Barentsøya [21] and between Pyramiden and Odinfjellet [24].
38. Polytrichum piliferum Hedw. – stat.: N – 27.
A very rare species found growing sparsely on soil on a young moraine together with 
Niphotrichum canescens subsp. latifolium, Pogonatum urnigerum, and Racomitrium 
lanuginosum. It is widely distributed and rather frequent on the northern and western 
coasts of Spitsbergen but until now it had not been recorded on the eastern coast [4].
39. Polytrichum strictum Brid. – stat.: N – 25, 27; S – 24
An infrequent species growing on muddy soil and on rocky ground on moraines, 
usually in abundance together with Aulacomnium turgidum, Campylium longicuspis, 
Sanionia uncinata, Sphagnum squarrosum, and Tomentypnum nitens. It is widespread 
throughout Spitsbergen [3,4], including Sørkapp Land [1].
40. Racomitrium lanuginosum (Hedw.) Brid. – stat.: N – 26, 27; T – 1; S – 12, 24
A frequent and locally abundant species usually forming extensive dense carpets on 
relatively dry, stable moraines and in the mossy tundra on flat areas. Its most frequent 
associates are, among other things, Bryum pallescens, Hylocomium splendens, Niphotri-
chum canescens subsp. latifolium, Pogonatum urnigerum, Pohlia nutans, Polytrichastrum 
alpinum, and Sanionia uncinata. It is one of the most common bryophytes in the Svalbard 
archipelago [60], including Sørkapp Land [1].
41. Sanionia georgicouncinata (Müll. Hal.) Ochyra & Hedenäs – stat.: S – 22
A fairly large pure patch of this species was located at one site on dry soil at the glacier 
foreland. This species had been recorded for the first time from Spitsbergen as Sanionia 
nivalis Hedenäs [61] and later some additional collections of this species were reported 
from various sites on this island [3,13,14,16]. However, it has been shown that this 
northern species is conspecific with S. georgicouncinata, an austral species known from 
subantarctic South Georgia and the northern maritime Antarctic [62–64]. The present 
material is entirely sterile and the sporophyte characters separating this species from S. 
uncinata (Hedw.) Loeske, namely the reduced and irregularly perforated endostome and 
acute to short-acuminate inner perichaetial leaves with strongly denticulate or dentate 
distal margins, cannot be checked. However, the structure of the alar and supra-alar 
cells which form a large, oval basal marginal group immediately separate the two spe-
cies. Sanionia georgicouncinata is apparently rare species in Svalbard (Fig. 5D).
42. Sanionia uncinata (Hedw.) Loeske – stat.: N – 25, 26, 27, 28; T – 1; S – 2, 5, 7, 14, 
19, 20, 24
A common species, growing usually in abundance in a wide range of dry and wet habitats 
in the mossy and lichen tundra, on moraines, rocks, scree and stony ground, forming 
either pure stands or growing with a long array of associates, including Aulacomnium 
turgidum, Bryum pallescens, Dicranum elongatum, D. spadiceum, Hylocomium splen-
dens, Niphotrichum canescens subsp. latifolium, Pogonatum urnigerum, Pohlia nutans, 
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Polytrichastrum alpinum, and Racomitrium lanuginosum. It is a ubiquitous species, 
widespread throughout the whole Svalbard archipelago [3], including Sørkapp Land 
[1].
43. Schistidium frigidum H. H. Blom – stat.: S – 17
The genus Schistidium Bruch & Schimp. is well represented in the polar regions of both 
hemispheres. For example, it is the largest moss genus in the Antarctic [64–72]. In the 
Svalbard archipelago, only six species of Schistidium have been recorded [4]. However, 
as a result of the taxonomic revision of the S. apocarpum (Hedw.) Bruch & Schimp. 
complex [73], this number markedly increased and currently no fewer than 16 species 
of Schistidium are known from this arctic archipelago [3,14,74]. The genus is still poorly 
known in Svalbard in terms of frequency and cover, but this poor knowledge is also 
reflected in many other parts of the globe.
Schistidium frigidum has long remained neglected and only recently it was described 
as new to science [73], yet it is a widely distributed, panholarctic species with an arctic-
alpine distribution. It appears to be one of the most common species of the genus on 
Spitsbergen, at least judging from the number of specimens cited in the protologue 
[73]. In the study area, the species was once found in fairly large quantity from dry 
soil on old moraine.
44. Schistidium papillosum Culm. – stat.: S – 24
A small tuft of this species was collected in an arctic oasis below a small bird colony, 
growing together with Orthogrimmia sessitana. The species appears to be common 
in Svalbard and most collections reported from this archipelago and referred to as 
Grimmia gracilis Schwägr or Schistidium strictum (Turner) Mårt. actually belong to 
this species [3].
45. Schistidium pulchrum H. H. Blom – stat.: S – 22
A small tuft of this species was found on dry rock-debris on the fore-field of a glacier, 
growing together with Hymenoloma crispulum and Andreaea blyttii. The species was 
only recently described as new to science and it appears to be very rare on Spitsbergen, 
known only from Ny-Ålesund and Kollerfjorden [73] and also recorded from Bjørnøya 
[3]. The global geographical distribution of Schistidium pulchrum is still poorly known, 
yet it appears to be a panboreal Holarctic species penetrating into the Arctic and to the 
mountains in the southern parts of the Holarctic [73].
46. Sphagnum squarrosum Crome – stat.: N – 25
A very rare species, found at a single station but growing abundantly in the wet mossy 
tundra in association with Aulacomnium turgidum, Campylium longicuspis, Polytrichum 
strictum, Sanionia uncinata, and Tomentypnum nitens. It is the most frequent peat moss 
species in Svalbard [75], common in central Spitsbergen and rare and occasional on the 
northern and western coast. Some solitary records of Sphagnum squarrosum are also 
known from Nordaustlandet, Kongsøya, and Edgeøya in the Svalbard archipelago.
47. Sphagnum teres (Hedw.) Ångstr. – stat.: N – 27
A very rare species discovered at one locality in the wet mossy tundra growing in 
association with Sphagnum warnstorfii. The species is infrequent in Spitsbergen and 
previously known only from the central part of the island [75]. Apart from Spitsbergen, 
it has only recently been recorded from Edgeøya in the Svalbard archipelago [21].
48. Sphagnum warnstorfii Russow – stat.: N – 27
A very rare species collected only at one station in the wet mossy tundra growing in 
association with Sphagnum teres. Sphagnum warnstorfii is the only red-pigmented taxon 
among the peat mosses in Svalbard but the local plants represent a distinct arctic morph 
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which differs in the overall appearance from the typical boreal and nemoral morphs. 
Yet, they are characterized by having typical small and ringed pores on the distal part 
of the convex leaf surface which are typical of S. warnstorfii. The species is rather rare 
in Spitsbergen, known only from the central part of the island and only once it was 
collected on its northwestern coast [75].
49. Straminergon stramineum (Brid.) Hedenäs – stat.: S – 2, 23
Fairly occasional in the study area but growing abundantly in patches with Aulacom-
nium turgidum. It is one of the most common moss species in Spitsbergen occurring 
in various communities in the mossy tundra [3] but it has not hitherto been recorded 
from Sørkapp Land.
50. Syntrichia ruralis (Hedw.) F. Weber & D. Mohr – stat.: T – 1; S – 7
An infrequently recorded species in the mossy tundra and on soil on the moraines, 
growing in turves of other mosses including Ceratodon purpureus, Niphotrichum 
canescens subsp. latifolium, Pohlia nutans, Polytrichastrum alpinum, and Racomitrium 
lanuginosum. It is common throughout the Svalbard archipelago in a wide range of 
habitats [3], including Sørkapp Land [1].
51. Timmia bavarica Hessl. – stat.: N – 26
Very rare in the study area, occurring as an admixture in a tuft of Bartramia ithyphylla, 
Hypnum bambergeri, Niphotrichum canescens subsp. latifolium, Oncophorus virens, Pohlia 
cruda, and Racomitrium lanuginosum. It is widely distributed throughout Spitsbergen 
but generally sparse [3].
52. Tomentypnum nitens (Hedw.) Loeske – stat.: N – 25, 27; T – 1
A rare but locally abundant species in wet sites in mossy tundra on moraines, often 
growing together with Aulacomnium turgidum, Bryum pseudotriquetrum, Polytrichum 
strictum, Sanionia uncinata, and Warnstorfia sarmentosa. It is one of the most com-
mon and dominant species in its habitats in Spitsbergen; widespread throughout the 
island [3,4].
53. Warnstorfia sarmentosa (Wahlenb.) Hedenäs – stat.: N – 27; S – 2, 13
A rare species, although locally growing in abundance, forming pure stands in wet 
sites in mossy tundra on moraines and on dripping stones, sometimes associated with 
Tomentypnum nitens and Warnstorfia tundrae. It is widely distributed throughout the 
whole island [3,4], but it has not hitherto been recorded from Sørkapp Land.
54. Warnstorfia tundrae (Arnell) Loeske – stat.: N – 27
Collected once in a wet site in the mossy tundra growing together with Warnstorfia 
sarmentosa. The species is very rare in Spitsbergen, known only from Hornsund [56], 
Kongsfjorden [44], but according to Frisvoll and Elvebakk [3] it is frequent in western 
and northern Spitsbergen.
Discussion
Apart from Franz Josef Land, the Svalbard archipelago is the only European territory 
situated in the high Arctic. Like elsewhere in polar regions of both hemispheres, the 
vegetation cover is dominated by cryptogams, of which bryophytes represent sig-
nificant constituents of the flora. During almost two and a half centuries of intensive 
exploration of this land and taxonomic investigations, 563 species of bryophytes have 
been recorded from Svalbard, and they have been critically evaluated in the annotated 
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catalog of Frisvoll and Elvebakk [3]. These authors showed that no fewer than 190 
species have been erroneously reported from Svalbard and should be excluded from 
the bryoflora of this archipelago. Most records of these excluded species proved to be 
based upon misidentifications, and only a much smaller number of species appeared 
to be conspecific with species previously collected and described in other regions. It is 
worth noting that a similarly large number of excluded moss taxa have been detected 
in the Antarctic [64]. In the 175 years from 1833 to 2008, no less than 303 moss taxa 
have been recorded from this largely ice-covered continent, but critical evaluations of 
the voucher collections resulted in the exclusion of 190 moss taxa from the bryoflora 
of Antarctica.
Since the publication of the catalog of Svalbard bryophytes [3], field studies have 
resulted in a number of new discoveries of bryophytes from Spitsbergen and its adjacent 
islands, e.g., [8,9,11,12,15,17,18,21,76]. The identification of Svalbard’s bryophytes is 
always very hard. The habitus is quite different in Svalbard compared to Europe. As a 
result, erroneous new records for the archipelago have appeared, including Odontos-
chisma sphagni (Dicks.) Dumort. [77], Barbilophozia floerkei (F. Weber & D. Mohr) 
Loeske [78], and Cephaloziella rubella (Nees) Warnst. [79]. A revision of the voucher 
specimens of the first two species by one of us (NAK) revealed that they actually refer 
to Jungermannia polaris Lindb. and Neo-orthocaulis hyperboreus (R. M. Schust.) L. 
Söderstr., De Roo & Hedd.
Spitsbergen, the largest island of the Svalbard archipelago, is markedly diverse climati-
cally and, accordingly, various parts of the island differ in the extent of ice-free areas. 
As a result, the island is still unevenly explored bryologically and botanically. Its central 
and western parts have a much warmer climate and consequently much larger expanses 
of terrain that are not glaciated and have a well-developed vegetation cover. In contrast, 
the eastern and southeastern coasts of Spitsbergen have a much more severe climate, 
resulting in extensive glaciations of large expanses of terrain and small ice-free outcrops 
available for colonization by plants and lichens. These exposures are often inaccessible, 
and many such sites have not so far been botanically explored, including the eastern 
parts of Sørkapp Land and Torell Land. However, the effects of global warming and 
climate change are predicted to be most pronounced at high latitudes. In the case of 
bryophytes, these impacts will mainly concern their biology and physiology [80].
Significant climate change has been confirmed in the Arctic at the end of the twentieth 
century. This vast region has had a rapid increase in mean temperatures over the past 
few decades, twice the rate of the rest of the world. Continuing climate change in the 
Arctic will result in forest expansions into tundra biomes, and the tundra vegetation will 
greatly change, shifting in its extent, distribution, and species composition [81].
The expected changes are becoming more and more visible, and they are confirmed 
by the results of the present floristic studies. The recent deglaciation has exposed vast 
expanses of land that are being colonized by various groups of organisms, including 
bryophytes. As a result, a number of moss species have been recorded for the first 
time on the eastern coast of Spitsbergen, including Andreaea blyttii, Bryum salinum, 
Coscinodon cribrosus, Orthogrimmia sessitana, Pogonatum dentatum, Polytrichum 
juniperinum, Sanionia georgicouncinata, Scapania obcordata, Schistidium frigidum, 
and S. pulchrum. Most of these are rare in Svalbard, and changes in local distribution 
of such species associated with deglaciation are an interesting ecological problem that 
requires further study and long-term monitoring.
A very interesting case is presented by Pohlia wahlenbergii, a species that is otherwise 
rare and scattered in Spitsbergen [3] (Fig. 5C). In Sørkapp Land, it occurs very abun-
dantly as a primary colonizer of young moraines. A similar phenomenon was recently 
observed in this species on King George Island, South Shetland Islands, Antarctica. 
Four decades ago, this species was very rare on this island [62], whereas now it has 
been observed in masses on young moraines in Ezcurra Inlet (M. Wierzgoń, personal 
communication).
Floristic data can be used to undertake an attempt to assess the development of the 
bryophyte flora in areas where rapid retreat of glaciers has occurred. Unfortunately, it 
is difficult to determine the rate of colonization of rocks and soils by bryophytes or to 
describe phases of such succession in terms of species composition of recently deglaciated 
substrata. These questions can only be resolved on the basis of long-term observations 
and analyses of vegetation on permanent research plots. An additional complication 
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can arise due to the possibility of some species surviving in situ on small unglaciated 
specks of ground. It was recently proved that at least some bryophyte species could have 
survived for a long time under ice cover and continued their growth after ice melting. 
For example, in the Canadian Arctic Archipelago, rapid glacier retreats exposed plant 
communities originated from the Little Ice Age (1,550–1,850 Kya) and, as a result, 
some bryophytes developed green stem apices or lateral innovations, suggesting their 
potential regrowth [82]. Moreover, we do not know anything about propagule banks 
buried in soil, which certainly affect the species composition of the flora, or the role of 
wind and/or birds as vehicles in long-distance dispersal of diaspores. For example, the 
mass occurrence of the moss Pohlia wahlenbergii in some recently deglaciated areas may 
represent good evidence regarding the successful development of bryophyte colonies 
from buried or superficial spores or vegetative propagules deposited in soil banks.
In this context, field observations (made by WZ, KO, and WM) in eastern Sørkapp 
Land lead to the following conclusions:
 ■ The present vegetation cover was significantly more extensive in 2016 than in 2005, 
including areas covered by ice or slush in 2005. This means that bryophyte colonies 
developed almost immediately in deglaciated areas.
 ■ The areas where glaciers recently retreated are situated at a distance of about 30–40 
km from western Sørkapp Land, which is covered by close luxuriant vegetation.
 ■ The study area was mostly covered by glaciers during the Little Ice Age, except from 
the Daudbjørnpynten headland and its vicinity (a short valley above it), which 
were not glaciated and did not undergo intensive slope processes either during the 
Little Ice Age or afterwards [83]; some slopes outside the glaciers and the vicinity 
of Daudbjørnpynten underwent intensive geomorphic processes.
According to these observations, the development of the vegetation cover was 
generally impossible in eastern Sørkapp Land during the Little Ice Age (except for the 
vicinity of Daudbjørnpynten) and the current state of the vegetation has been a result 
of plant colonization since the beginning of the twentieth century. The nearest sources 
of propagules appear to be the area of Daudbjørnpynten and western Sørkapp Land, 
although they could be transported by wind or birds from more distant areas.
Regarding rare species of moss, it is worth noting the second discovery of Campylium 
longicuspis in Svalbard (Fig. 3C), the third of Orthogrimmia sessitana, and the fourth 
one of Coscinodon cribrosus (Fig. 3D) in the archipelago.
Apart from rare species, the core of the moss flora in Sørkapp Land consists of some 
moss species which are ubiquitous on Spitsbergen and in Svalbard, including Bryum 
pallescens, Ceratodon purpureus, Hymenoloma crispulum, Pogonatum urnigerum, Pohlia 
nutans, Polytrichastrum alpinum, Racomitrium lanuginosum, and Sanionia uncinata. 
So far, some 26 species of moss have been recorded from the northeastern part of 
Sørkapp Land [1] and in the present account, 25 species have been added to the moss 
flora of this area.
Acknowledgments
The authors are grateful to Professor Kjell I. Flatberg, Trondheim, Norway, for the determina-
tion of Sphagnum, Professor Rodney D. Seppelt, Arundel, Australia, and Dr James R. Shevock, 
San Francisco, USA, for checking the English and valuable suggestions. We wish to thank two 
anonymous reviewers for their helpful comments.
References
1. Kuc M. Bryophytes from the northeast of Sørkapp Land. Vestspitsbergen. Norsk 
Polarinst Årbok. 1963;1962:140–145.
2. Ziaja W, Maciejowski W, Ostafin K. Coastal landscape dynamics in NE 
Sørkapp Land (SE Spitsbergen), 1900–2005. Ambio. 2009;38(4):201–208. 
https://doi.org/10.1579/0044-7447-38.4.201
3. Frisvoll AA, Elvebakk A. Bryophytes. In: Elvebakk A, Prestrund P, editors. A catalogue of 
22 of 26© The Author(s) 2018 Published by Polish Botanical Society Acta Soc Bot Pol 87(4):3603
Stebel et al. / Bryophytes of recently deglaciated areas in Spitsbergen
Svalbard plants, fungi, algae and cyanobacteria. Part 2. Oslo: Norsk Polarinstitutt; 1996. 
p. 57–172. (Norsk Polarinstitut Skrifter; vol 198).
4. Kuc M. A review of the mosses of Svalbard. Revue Bryologique et Lichénologique, 
Nouvelle Série. 1973;39:401–472.
5. Möller I. Pflanzensoziologische und vegetationsökologische Studien in 
Nordwestspitzbergen. Stuttgart: F. Steiner; 2000. (Mitteilungen der Geographischen 
Gesellschaft in Hamburg; vol 90).
6. Константинова [Konstantinova] НА [NA], Королева [Koroleva] НЕ [NE]. Необычные 
формы печеночников с архипелага Шпицберген [Neobychnye formy pechenochnikov 
s arhipelaga Shpicbergen]. In: Матишов [Matishov] ГГ [GG], Тарасов [Tarasov] ГА 
[GA], editors. Conference proceedings: “Комплексные исследования природы 
Шпицбергена [Kompleksnye issledovanija prirody Shpicbergena]”, 3; 2003 Mar 19–21; 
Мурманск [Murmansk], Россия [Rossija]. Апатиты [Apatity]: Кольский научный 
центр [Kol’skij nauchnyj centr]; 2003. p. 156–161, 255–256.
7. Константинова [Konstantinova] НА [NA], Савченко [Savchenko] АН [AN]. 
О находках редких для Шпицбергена печеночников на западном побережье 
Бокк-фьорда [O nahodkah redkih dlja Shpicbergena pechenochnikov na zapadnom 
poberezh’e Bokk-f ’orda]. In: Матишов [Matishov] ГГ [GG], Тарасов [Tarasov] ГА 
[GA], editors. Conference proceedings: “Комплексные исследования природы 
Шпицбергена [Kompleksnye issledovanija prirody Shpicbergena]”, 6; 2005 Oct 6–8; 
Мурманск [Murmansk], Россия [Rossija]. Апатиты [Apatity]: Кольский научный 
центр [Kol’skij nauchnyj centr]; 2006. p. 330–336, 435.
8. Konstantinova NA, Savchenko AN. Contribution to the hepatic flora of Svalbard. 
Lindbergia. 2008;33:13–22.
9. Константинова [Konstantinova] НА [NA], Савченко [Savchenko] АН [AN]. 
К распространению редких на архипелаге Шпицберген печеночников 
в окрестностях пос. Пирамида [K rasprostraneniju redkih na arhipelage Shpicbergen 
pechenochnikov v okrestnostjah pos. Piramida]. In: Матишов [Matishov] ГГ [GG], 
Тарасов [Tarasov] ГА [GA], editors. Conference proceedings: “Природа шельфа 
и архипелагов Европейской Арктики [Priroda shel’fa i arhipelagov Evropejskoj 
Arktiki]”, 8; 2008 Nov 9–11; Мурманск [Murmansk], Россия [Rossija]. Москва 
[Moskva]: ГЕОС [GEOS]; 2008. p. 177–181.
10. Константинова [Konstantinova] НА [NA], Савченко [Savchenko] АН [AN]. 
Печеночники [Pechenochniki]. In: Королёва [Koroljova] НЕ [NE], Константинова 
[Konstantinova] НА [NA], Савченко [Savchenko] АН [AN], Белкина [Belkina] ОА 
[OA], Лихачёв [Lihachjov] АЮ [AJu], Давыдов [Davydov] ДА [DA], et al., editors. 
Флора и растительность побережья залива Грен-фьорд (архипелаг Шпицберген) 
[Flora i rastitel’nost’ poberezh’ja zaliva Gren-f ’ord (arhipelag Shpicbergen)]. Апатиты 
[Apatity]: K&M; 2008. p. 54–80.
11. Konstantinova NA, Savchenko AN. Contribution to the hepatic flora of the 
Nordaustlandet (Svalbard). I. Hepatics of the north coast of Murchison Fjorden. Pol Bot 
J. 2012;57(1):181–195.
12. Wojtuń B. The first documented record of Sphagnum riparium (Bryophyta: Sphagnaceae) 
from Spitsbergen. Pol Polar Res. 2007;28(4):269–276.
13. Белкина [Belkina] ОА [OA], Лихачёв [Lihachjov] АЮ [AJu]. Мхи [Mhi]. In: Королёва 
[Koroljova] НЕ [NE], Константинова [Konstantinova] НА [NA], Белкина [Belkina] 
ОА [OA], Давыдов [Davydov] ДА [DA], Лихачёв [Lihachjov] АЮ [AJu], Савченко 
[Savchenko] АН [AN], et al., editors. Флора и растительность побережья залива 
Грен-фьорд (архипелаг Шпицберген) [Flora i rastitel’nost’ poberezh’ja zaliva Gren-
f ’ord (arhipelag Shpicbergen)]. Апатиты [Apatity]: K&M; 2008. p. 40–53.
14. Белкина [Belkina] ОА [OA], Лихачёв [Lihachjov] АЮ [AJu]. К флоре 
листостебельных мхов долины Рейндален (Шпицберген) [K flore listostebel’nyh 
mhov doliny Rejndalen (Shpicbergen)]. In: Матишов [Matishov] ГГ [GG], Тарасов 
[Tarasov] ГА [GA], editors. Conference proceedings: “Природа шельфа и архипелагов 
Европейской Арктики [Priroda shel’fa i arhipelagov Evropejskoj Arktiki]”, 8; 2008 Nov 
9–11; Мурманск [Murmansk], Россия [Rossija]. Москва [Moskva]: ГЕОС [GEOS]; 
2008. p. 33–36.
15. Белкина [Belkina] ОА [OA], Лихачёв [Lihachjov] АЮ [AJu]. Флора листостебельных 
мхов долины озера Линне (о. Западный Шпицберген) [Flora listostebel’nyh mhov 
doliny ozera Linne (o. Zapadnyj Shpicbergen)]. In: Матишов [Matishov] ГГ [GG], 
Тарасов [Tarasov] ГА [GA], editors. Conference proceedings: “Природа шельфа 
и архипелагов Европейской Арктики [Priroda shel’fa i arhipelagov Evropejskoj 
23 of 26© The Author(s) 2018 Published by Polish Botanical Society Acta Soc Bot Pol 87(4):3603
Stebel et al. / Bryophytes of recently deglaciated areas in Spitsbergen
Arktiki]”, 10; 2010 Oct 27–30. Мурманск [Murmansk], Россия [Rossija]. Москва 
[Moskva]: ГЕОС [GEOS]; 2010. p. 362–367.
16. Белкина [Belkina] ОА [OA], Лихачёв [Lihachjov] АЮ [AJu]. Изменение видового 
состава мхов при первичной сукцессии после отступания ледника Альдегонда 
(о. Западный Шпицберген) [Izmenenie vidovogo sostava mhov pri pervichnoj 
sukcessii posle otstupanija lednika Al’degonda (o. Zapadnyj Shpicbergen)]. In: Матишов 
[Matishov] ГГ [GG], Тарасов [Tarasov] ГА [GA], editors. Conference proceedings: 
“Комплексные исследования природы Шпицбергена [Kompleksnye issledovanija 
prirody Shpicbergena]”, 11; 2012 Nov 1–3; Мурманск [Murmansk], Россия [Rossija]. 
Москва [Moskva]: ГЕОС [GEOS]; 2012. p. 27–33.
17. Belkina OA, Likhachev AYu. Mosses of the Prince Oscar Land (Nordaustlandet, 
Svalbard). Arctoa. 2013;22:27–34.
18. Белкина [Belkina] ОА [OA], Лихачёв [Lihachjov] АЮ [AJu]. Новые находки мхов 
на Шпицбергене [Novye nahodki mhov na Shpicbergene]. In: Матишов [Matishov] 
ГГ [GG], Тарасов [Tarasov] ГА [GA], editors. Conference proceedings: “Комплексные 
исследования природы Шпицбергена и прилегающего шельфа [Kompleksnye 
issledovanija prirody Shpicbergena i prilegajushhego shel’fa]”, 13; 2016 Nov 2–4; 
Мурманск [Murmansk], Россия [Rossija]. Ростов-на-Дону [Rostov-na-Donu]: РАН 
[RAN]; 2016. p. 44–46.
19. Borovichev EA. New liverwort records from Svalbard. 1. Arctoa. 2010;19:280–281.
20. Белкина [Belkina] ОА [OA], Мавлюдов [Mavljudov] БР [BR]. Мхи на ледниках 
Шпицбергена [Mhi na lednikah Shpicbergena]. Ботанический журнал [Botanicheskij 
zhurnal]. 2011;96(5):582–596.
21. Hesse C, Jalink LM, Stech M, Kruijer HJD. Contributions to the moss flora of Edgeøya 
and Barentsøya, Svalbard (Norway). Pol Bot J. 2012;57(1):167–179.
22. Prestø T, Lüth M, Hassel K. Bryophytes of the Longyearbyen area. Trondheim: NTNU 
Vitenskapsmuseet; 2014. (NTNU Vitenskapsmuseet naturhistorisk notat; vol 10).
23. Belkina OA, Vilnet AA. Some aspects of the moss population development 
on the Svalbard glaciers. Czech Polar Rep. 2015;5(2):160–175. 
https://doi.org/10.5817/CPR2015-2-14
24. Belkina OA, Konstantinova N, Korolеva N, Konoreva L, Davydov D, Savchenko A, et 
al. Bryophytes, lichens and cyanoprocaryotes in surroundings of Pyramiden (Svalbard): 
a concise guide-book. Apatity: N. A. Avrorin Polar-Alpine Botanical Garden-Institute, 
Russian Academy of Sciences; 2015.
25. Birkenmajer K, Nagy J, Dallmann WK. Geological map, Svalbard, 1:100,000, C12G 
Markhambreen. Norsk Polarinstitutt Temakart. 1992;22.
26. Winsnes TS, Birkenmajer K, Dallmann WK, Hjelle A, Salvigsen O. Geological map, 
Svalbard, 1:100,000, Sørkapp. Norsk Polarinstitutt Temakart. 1992;17.
27. Dallmann WK, Birkenmajer K, Hjelle A, Mørk A, Ohta Y, Salvigsen O. Text: geological 
map, Svalbard, 1:100,000, C13G Sørkapp. Norsk Polarinstitutt Temakart. 1993;17:1–73.
28. Dallmann WK, Nagy J, Salvigsen O. Text: geological map, Svalbard 1:100,000, C12G 
Markhambreen, C11G Kvalvågen. Norsk Polarinstitutt Temakart. 1994;22–23:1–35.
29. Dallmann WK, Kjærnet, Nøttvedt A. Text: geological map of Svalbard, 1:100,000, C9G 
Adventdalen. Norsk Polarinstitutt Temakart. 2001;31–32:4–55.
30. Major H, Haremo P, Dallmann W, Andresen A. Geological map of Svalbard, 1:100,000, 
C9G Adventdalen. Norsk Polarinstitutt Temakart. 2001;31–32.
31. Hisdal V. Geography of Svalbard. Oslo: Norsk Polarinstitutt; 1985.
32. Førland EJ, Benestad R, Hanssen-Bauer I, Haugen JE, Skaugen TE. Temperature 
and precipitation development at Svalbard 1900–2100. Advances in Meteorology. 
2011;2011:893790. https://doi.org/10.1155/2011/893790
33. Ziaja W. Geosystem development of Sørkappland, Svalbard. Cracow: Jagiellonian 
University Press; 1999.
34. Maciejowski W, Michniewski A. Variations of weather on the east and west coasts of 
South Spitsbergen, Svalbard. Pol Polar Res. 2007;28(2):123–136.
35. Sulikowska A, Wypych A, Mitka K, Maciejowski W, Ostafin K, Ziaja W. Summer weather 
conditions in 2005 and 2016 on the western and eastern coasts of south Spitsbergen. Pol 
Polar Res. 2008;39(1):127–144. https://doi.org/10.24425/118741
36. Sørbel L, Tolgensbakk J, Hagen JO, Høgvard K. Text: geomorphological and Quaternary 
24 of 26© The Author(s) 2018 Published by Polish Botanical Society Acta Soc Bot Pol 87(4):3603
Stebel et al. / Bryophytes of recently deglaciated areas in Spitsbergen
geological map of Svalbard, 1:100,000. Sheet C9G Adventdalen. Norsk Polarinst 
Temakart. 2001;31/32:57–78.
37. Tolgensbakk J, Sørbel L, Høgvard K. Adventdalen, geomorphological and Quaternary 
geological map, Svalbard 1:100,000, Spitsbergen Sheet C9G. Norsk Polarinst Temakart. 
2000;31/32.
38. Wassiliew (Vassilev) AS. II. Feuille de milieu. 1:200,000 [map]. In: Missions scientifiques 
pour la mesure d’un arc de méridien au Spitsberg, Miss. Russe. St. Pétersbourg: 
Publication de l’Académie des Scientes de Russie; 1907.
39. Ziaja W. Life expansion in Sørkapp Land, Spitsbergen, under the current climate 
warming. Reviews in Environmental Science and Bio/Technology. 2006;5:187–191. 
https://doi.org/10.1007/s11157-006-9102-3
40. Markhambreen C12 (a). Svalbard 1:100,000 (topographic map). Oslo: Norsk 
Polarinstitutt; 1956.
41. Markhambreen C12 (b). Svalbard 1:100,000 (topographic map). Oslo: Norsk 
Polarinstitutt; 1994.
42. USGS. Terra Aster satellite images [Internet]. 2018 [cited 2018 Jun 11]. Available from: 
http://earthexplorer.usgs.gov/ and http://glovis.usgs.gov/
43. Copernicus Open Access Hub [Internet]. 2018 [cited 2018 Jun 11]. Available from: 
https://scihub.copernicus.eu/
44. Arnell S, Mårtensson O. A contribution to the knowledge of the bryophyte flora of W. 
Spitsbergen and Kongsfjorden (King’s Bay, 79°N) in particular. Arkiv för Botanik, Serie 2. 
1959;4(6):104–164.
45. Rejment-Grochowska I. Contribution to the hepatic flora of the north 
coast of Hornsund (S.W. Svalbard). Acta Soc Bot Pol. 1967;36(3):531–544. 
https://doi.org/10.5586/asbp.1967.050
46. Karczmarz K, Święs F. Bryophytes collected in arctic tundra of Dyrstad region (West 
Spitsbergen) in 1988. Annales Universitatis Mariae Curie-Sklodowska, Sectio C, Biologia. 
1990;45:127–139.
47. Święs F, Karczmarz K. Bryophytes collected in arctic tundra of the Chamberlin 
region (Western Spitsbergen) in 1987 and 1988. Annales Universitatis Mariae Curie-
Sklodowska, Sectio C, Biologia. 1991;46:29–43.
48. Święs F, Karczmarz K. Bryophytes collected in arctic tundra of the Logne region 
(Western Spitsbergen) in 1988. In: Repelewska-Pękalowa J, Pękala K, editors. Spitsbergen 
geographical expeditions. Polar Session “Arctic environment research”; April 1991; 
Lublin, Poland. Lublin: Institute of Earth Sciences, Maria Curie-Skłodowska University; 
1991. p. 145–162.
49. Święs F, Karczmarz K. Bryophytes collected in arctic tundra of the Calypsostranda 
region (Western Spitsbergen) in 1987 and 1988. Annales Universitatis Mariae Curie-
Sklodowska, Sectio C, Biologia. 1993;48:49–66.
50. Schuster RM. The Hepaticae and Anthocerotae of North America east of the hundredth 
meridian. Volume 3. New York, NY: Columbia University Press; 1974.
51. Schuster RM, Damsholt K. The Hepaticae of West Greenland from ca. 66°N to 72°N. 
København: C. A. Reitzel; 1974. [Meddelelser om Grønland; vol 199(1)].
52. Berggren S. Musci et Hepaticae Spetsbergenenses. Bericht über die Untersuchung der 
Moosflora Spitzbergens und Beeren-Eilands während der Schwedischen Expeditionen 
1864 und 1868, und Verzeichnis der dort gesammelten Arten. Kongliga Svenska 
Vetenskapsakademiens Handlingar. 1875;13(7):1–103.
53. Ochyra R, Váňa J. The hepatics of King George Island, South Shetland Islands, 
Antarctica, with particular reference to the Admiralty Bay region. Pol Polar Res. 
1989;10(2):183–210.
54. Ellis LT, Aleffi M, Asthana AK, Srivastava A, Bakalin VA, Batan N, et al. New 
national and regional bryophyte records, 40. J Bryol. 2014;36(3):223–244. 
https://doi.org/10.1179/1743282014Y.0000000115
55. Bednarek-Ochyra H, Váňa J, Ochyra R, Lewis Smith RI. The liverwort flora of Antarctica. 
Cracow: Institute of Botany, Polish Academy of Sciences; 2000.
56. Kuc M. Flora of mosses and their distribution on the north coast of Hornsund (S.W.-
Svalbard). Fragmenta Floristica et Geobotanica. 1963;9(3):292–366.
57. Arnell HW. Beiträge zur Moosflora der Spitzbergischen Inselgruppe. Öfversigt af 
25 of 26© The Author(s) 2018 Published by Polish Botanical Society Acta Soc Bot Pol 87(4):3603
Stebel et al. / Bryophytes of recently deglaciated areas in Spitsbergen
Förhandlingar: Kongliga Svenska Vetenskaps-Akademien. 1900;57:99–130.
58. Żarnowiec J. A taxonomic monograph of the Drepanocladus aduncus group (Bryopsida: 
Amblystegiaceae). Bielsko-Biała: Łódź Technical University, Bielsko-Biała Branch; 2001.
59. Frisvoll AA. A taxonomic revision of the Racomitrium canescens group (Bryophyta, 
Grimmiales). Gunneria. 1983;41:1–181.
60. Frisvoll AA. Revision of Svalbard bryophytes. II. The genus Racomitrium. Lindbergia. 
1983;9(1):41–52.
61. Hedenäs L. The genus Sanionia (Musci) in Northwestern Europe, a taxonomic revision. 
Ann Bot Fenn. 1989;26:399–419.
62. Ochyra R. The moss flora of King George Island, Antarctica. Cracow: W. Szafer Institute 
of Botany, Polish Academy of Sciences; 1998.
63. Ochyra R, Bednarek-Ochyra H, Lewis Smith RI. New and rare moss species 
from subantarctic South Georgia. Nova Hedwigia. 2002:74:121–147. 
https://doi.org/10.1127/0029-5035/2002/0074-0121
64. Ochyra R, Lewis Smith RI, Bednarek-Ochyra H. The illustrated moss flora of Antarctica. 
Cambridge: Cambridge University Press; 2008.
65. Ochyra R, Bell BG. A record of Schistidium falcatum (Bryophyta: Musci) from the 
Antarctic. British Antarctic Survey Bulletin. 1984;64:77–79.
66. Ochyra R. Schistidium steerei (Grimmiaceae), a remarkable new species from the 
Antarctic, with a note on S. obtusifolium. Mem N Y Bot Gard. 1987;45:607–614.
67. Ochyra R. The discovery of the South Georgian endemic species Schistidium urnulaceum 
(C. Muell.) B. G. Bell (Musci: Grimmiaceae) in the Antarctic. Pol Polar Res. 1990;11(1–
2):133–146.
68. Ochyra R. Schistidium halinae (Bryopsida, Grimmiaceae), a new moss species from 
Antarctica. Ann Bot Fenn. 1998;35(4):267–273.
69. Ochyra R. Schistidium lewis-smithii (Bryopsida, Grimmiaceae) – a new species from 
the maritime Antarctic, with a note on the Australian S. flexifolium. Nova Hedwigia. 
2003;77:363–372. https://doi.org/10.1127/0029-5035/2003/0077-0363
70. Ochyra R. Schistidium leptoneurum species nova from the South Shetland Islands, 
Antarctica. Cryptogam Bryol. 2004;25(2):125–130.
71. Ochyra R, Bednarek-Ochyra H, Lewis Smith RI. Schistidium deceptionense, another 
new endemic moss species from the Antarctic. Bryologist. 2003;106:569–574. 
https://doi.org/10.1639/0007-2745(2003)106[569:SDANMS]2.0.CO;2
72. Ochyra R, Bednarek-Ochyra H, Lewis Smith RI. New and rare 
moss species from the Antarctic. Nova Hedwigia. 2008;87:457–477. 
https://doi.org/10.1127/0029-5035/2008/0087-0457
73. Blom HH. A revision of the Schistidium apocarpum complex in Norway and Sweden. 
Bryophyt Bibl. 1996;49:1–333.
74. Blom HH. Schistidium. In: Nyholm E, editor. Illustrated flora of Nordic mosses. Fasc. 
4. Aulacomniaceae – Meesiaceae – Catoscopiaceae – Bartramiaceae – Timmiaceae – 
Encalyptaceae – Grimmiaceae – Ptychomitriaceae – Hedwigiaceae – Orthotrichaceae. 
Copenhagen: Nordic Bryological Society; 1998. p. 287–330.
75. Flatberg KI, Frisvoll AA. Revision of Svalbard bryophytes. III. The genus Sphagnum. 
Journal of the Hattori Botanical Laboratory. 1984;56:287–319.
76. Ellis LT, Dickson JH, Eckstein J, Fontinha S, Hedenäs L, Horton D, et al. New 
national and regional bryophyte records, 24. J Bryol. 2010;32(3):232–237. 
https://doi.org/10.1179/037366810X12735735155895
77. Ellis LT, Aleffi M, Alegro A, Segota V, Asthana AK, Gupta R, et al. New 
national and regional bryophyte records, 48. J Bryol. 2016;38(3):235–259. 
https://doi.org/10.1080/03736687.2016.1206685
78. Ellis LT, Agcagil E, Kırmacı M, Aleffi M, Bakalin VA, Bednarek-Ochyra H, et al. 
New national and regional bryophyte records, 49. J Bryol. 2016;38(4):327–347. 
https://doi.org/10.1080/03736687.2016.1225777
79. Ellis LT, Afonina OM, Andriamiarisoa RL, Bednarek-Ochyra H, Cykowska-Marzencka 
B, Stryjak-Bogacka M, et al. New national and regional bryophyte records, 53. J Bryol. 
2016;39(4):368–387. https://doi.org/10.1080/03736687.2017.1384204
80. Tuba Z. Bryophyte physiological processes in a changing climate: an overview. In: Tuba 
Z, Slack NG, Stark LR, editors. Bryophyte ecology and climate change. Cambridge: 
26 of 26© The Author(s) 2018 Published by Polish Botanical Society Acta Soc Bot Pol 87(4):3603
Stebel et al. / Bryophytes of recently deglaciated areas in Spitsbergen
Cambridge University Press; 2011. p. 13–32.
81. Jägerbrand AK, Björk RG, Callaghan T, Seppelt RD. Effects of climate change on tundra 
bryophytes. In: Tuba Z, Slack NG, Stark LR, editors. Bryophyte ecology and climate 
change. Cambridge: Cambridge University Press; 2011. p. 211–336.
82. La Farge C, Williams KH, England JH. Regeneration of Little Ice Age 
bryophytes emerging from a polar glacier with implications of totipotency in 
extreme environments. Proc Natl Acad Sci USA. 2013;110(24):9839–9844. 
https://doi.org/10.1073/pnas.1304199110
83. Ziaja W. Spitsbergen landscape development under the current global warming. In: 
Barančoková M, Krajčí J, Kollár J, Belčáková I, editors. Landscape ecology – methods, 
applications and interdisciplinary approach. Bratislava: Institute of Landscape Ecology, 
Slovak Academy of Science; 2010. p. 495–503.
